In 2006 Emergency Medical Services Index (EMSI), which summarizes the performance of regional emergency medical services system, was developed. This study assesses the performance of the EMSI to help determine whether EMSI can be used as evaluation tool. Methods: To build a composite score of the EMSI from predefined 24 indicators, 3 normalized values were calculated for each indicator, the normalized values of each indicator were weighted using 4 weighting methods, and the weighted values were aggregated into the final composite score using 2 aggregation schemes. The performance of EMSI was evaluated using 3 criteria: discrimination, construct validity, and sensitivity. Discrimination was the proportion of regions that did not include the overall median rank in the 5th to 95th percentiles rank interval, which was calculated from Monte Carlo simulation. Construct validity was a correlation among the alternative EMSIs. Sensitivity of EMSIs was evaluated by total shift of quartile membership and changes of 5th to 95th percentile intervals. Results: The total discrimination performance of the EMSI was 50.0%. Correlation coefficients between EMSIs using standardized values and those using rescaled values ranged from 0.621 to 0.997. Variation of the quartile membership of regions ranged from 0.0% to 75.0%. The total change in the 5th to 95th percentile intervals ranged from -19 to +17 places.
INTRODUCTION
Improving the quality of the regional emergency medical services (EMS) system and promoting the accountability of its representatives are critical in advancing the EMS system's overall performance. The regionalization of the EMS system has generally resulted in improved patient care, reduced mortality rates for trauma patients, and lower costs, but a lack of accountability has contributed to poor problem identification and few improvements in quality [1, 2] . Thus, the American College of Emergency Physicians evaluated their EMS system on a state by state basis to promote government policies for improving emergency care [3, 4] .
In Korea the EMS systems of different regions display a wide range of performance differences including trauma mortality rates and pre-hospital times [5, 6] . To address some of the problems associated with these differences, the Ministry of Health and Welfare (MOHW) and the National Emergency Medical Center (NEMC) have evaluated the quality of emergency medical centers.
However, because these programs focused only on emergency care at the hospital stage, other important aspects of the EMS systems, such as care at the pre-hospital stage and accountability of the regional governments, were not evaluated. Hence, in 2006, MOHW developed the Emergency Medical Services Index (EMSI) as a composite indicator to comprehensively evaluate the regional EMS system on a province by province basis [7] . The EMSI was expected to influence providers to focus on the quality of their EMS systems and to promote the accountability of the provincial governments in managing their EMS systems. The EMSI, however, was not validated for its own performance in the developing process by the MOHW. These choices could bias policy messages and lend themselves to instrumental abuse [8] [9] [10] .
Therefore, the purpose of this study was to assess the performance of the EMSI in terms of discrimination, construct validity, and sensitivity to help determine whether composite indicators can be used to evaluate the performance of regional EMS systems objectively and reliably.
METHODS

Evaluation Fields and Indicators of the Emergency
Medical Services Index
The quality of 16 different regional EMS systems, including 9 provinces and 7 metropolitan regions, were evaluated using the EMSI. Evaluation fields of the EMSI consisted of six quality improvement areas: appropriateness and timeliness, safety and prevention, patient-centeredness, efficiency, equity, and planning and integration. Each of the six quality improvement areas were evaluated at the pre-hospital and hospital level for each EMS system. An EMS meeting of experts using a Delphi panel selected the 24 indicators based on their perceived importance, scientific acceptability, usability, feasibility [11] , and their ability to promote the accountability of the regional government managing each EMS system ( Table 1 ). The EMS expert meeting was made up of 5 specialists in emergency medicine and quality improvement. The Delphi panel was composed of 10 members recommended by the Korean Society of Emergency Medicine, 5 consumer group representatives, 14 civil servants from the regional government, MOHW, NEMC, and the National Emergency Management Agency (NEMA). Each indicator was measured using a standard information form that included the definition of the indicator, available data sources, and calculation formulas. Multiple data sets were used to yield the value of indicators: data from the National Emergency Department Information System, claim data of the Health Insurance Review Assessment Service and National Health Insurance Service, annual statistical report of EMS of the NEMC, pre-hospital ambulance run report, National Acute Myocardial Infarction Project, emergency medical facility evaluation report, annual report on the cause of death statistics and emergency patient satisfaction survey. Table 2 shows calcu- 
Construction of the Emergency Medical Services Index
No single, standard methodology exists for constructing a composite score for a group of quality indicators [12, 13] . Therefore, we followed the construction methodology suggested by the Joint Research Centre of the European Commission [8, 9] . To build a composite score from 24 indicators, 3 normalized values were calculated for each indicator, the normalized values of each indicator were weighted, and the weighted values were aggregated into the final
1) The report presented by Kim et al. [7] contains detail information about the selection process and calculation methods of EMSI indicators developed by MOHW. First, for the normalizations, real values of indicators were transformed to dimensionless numbers using 3 normalization methods including standardization, rescaling, and ranking. Table 3 
(Equation 2)
When geometrically aggregating, to avoid negative or zero values of indicators, a constant greater than the negative standardized or rescaled value, three or one for each, was added to the former value [14] . In the ranking method, the highest score was assigned to the best performer, and the lowest score was assigned to the worst performer. If two or more regions were ranked to the same position, all of those same ranks were given a better score that was very close to the highest score. All indicators were transformed when necessary to "more is better" variables [15] .
Second, to reflect the relative importance of each indicator to the EMSI, weights were assigned to each normalized value of the indicators using four different weighting methods: equal weighting, expert weighting, weighting by factor analysis, and weighting by area under the receiver operating characteristic curve (AUC). Usually, weights based on regression approach were calculated from multiple regression models. However, instead of using coefficients of the regression model as weighting scores, AUCs were
Standardized value = real value of province-average across provinces standard deviation across provinces
Rescaled value = real value of province -minimum value across all the provinces maximum value across all the provinces -minimum value across all the provinces Twenty-four alternative EMSIs could be constructed and were expressed as "EMSIijk," where i is the type of normalization, j is the type of weighting scheme, and k is the type of aggregation system ( Figure 1 ). The performance of EMSI was evaluated using three criteria: discrimination, construct validity, and sensitivity. Discrimination is the ability of the EMSI to differentiate performance as measured by statistically significant deviations from the median performance [16, 17] . Considering the uncertainties in EMSI building, a Monte Carlo simulation was conducted. The output variable was the EMSI rank for a region and the input factors were the type of normalization for the indicators (standardization, rescaling, and ranking), the weighting scheme (equal weights, expert weights, weights by factor analysis, and weights by AUC), and the aggregation methods (linear and geometric). Uncertain input factors (k) were sampled from a discrete uniform distribution in a quasi-random sampling scheme using a base sample of size n= 512. EMSI ranks per region were calculated by performing 2n
(k + 1) = 4096 simulations [10] . Regions were classified into a high performer group when the 95th percentile of the EMSI ranks for the region was equal to or better than median, a low performer group when the 5th percentile of the EMSI ranks was equal to or worse than the median, or a middle performer group if otherwise.
The measure of discrimination of performance was expressed as the sum of the percentages of the high and low performers.
Construct validity is the degree of association between the composite and other aggregate measures of quality [16] [17] [18] . In this study, for looking primarily at the consistency among the alternative EMSIs, construct validity was operationally defined as a correlation among the alternative EMSIs.
Sensitivity of ranks due to different construction rules was assessed based on the total shift of the quartile membership. The regions were classified into quartiles, and thus ranking variations that provoked a shift from one quartile to another were reported [19] . In addition, the influence of each component of the construction method was assessed by total change in the 5th to 95th percentile intervals of the EMSI ranks when any one method (e.g., standardization or equal weights) was excluded from the EMSI con- 
RESULTS
Discrimination Performance
Four high performers and four low performers were detected among the 16 regions and thus the total discrimination performance of the overall EMSI was 50.0%. For the EMSI based on the stages of the EMS system, the total discrimination performance of the pre-hospital stage EMSI was 68.8% and that of the hospital stage EMSI was 56.3%. For the EMSI based on the evaluation areas, the total discrimination performance was 50.0% for the appropriateness and timeliness area, 87.5% for the safety and prevention area, 100.0% in the patient-centeredness area, 68.8% in both the efficiency and equity areas, and 75.0% in the planning and integration area (Figure 2 ). www.kshpa.org 181
Construct Validity
Spearman's rank correlation coefficients among the alternative EMSIs ranged from 0.309 to 0.997. Correlation coefficients between EMSIs using standardized values and those using rescaled values ranged from 0.621 to 0.997. However, correlation coefficients between EMSIs using ranked values and those using standardized or rescaled values were of relatively lower levels that ranged from 0.309 to 0.879 (Table 4) .
Sensitivity
The EMSI111 rank was used as reference value for each region.
Variation of the quartile membership of regions ranged from 0.0% to 75.0% such that the placements of the regions did not remain in the same quartile with the EMSI111 reference rank. For EMSI using standardized (EMSI1jk) and rescaled values (EMSI2jk), total shift in quartile membership ranged from 0.0% to 56.3% and from 0.0% to 50.0%, respectively. However, in the case of the EMSI using ranked values (EMSI3jk), percentages of the quartile membership shift were relatively higher (range, 31.3% to 75.0%) than for the other EMSIs. Additionally, the order of two or more shifts in the quartile membership was higher in EMSI3jk than in EMSI1jk or EMSI2jk (Table 5 ).
The total change in the 5th to 95th percentile intervals ranged from -19 to +17 places and when the ranked values were excluded from the uncertainty analysis, the uncertainty interval exhibited the greatest reduction (-18 places). When either the expert weights or the geometric aggregation was removed from the analysis, the uncertainty interval was reduced by one place or five places, respectively (Table 6 ).
DISCUSSION
We evaluated the performance of the EMS systems of 16 regions in Korea based on terms of discrimination, construct validity, and sensitivity. With regard to uncertainty of the EMSI rankings, the Monte Carlo simulation showed that the 5th to 95th percentile intervals of the EMSI ranks ranged from 1 to 10 places and exhibited 5 places or more in 11 of the regions. Regions D and E were not included in the high performer group although their medians were at a better level than that of region F. Such an uncertainty of the EMSI rank order suggested that using only the median rank of a region for reporting the performance of the regional EMS system is not appropriate. When uncertainty intervals around the EMSI ranks are estimated by repeated simulations, considerable overlap can exist among the distribution of EMSI ranks [15] . Therefore, in this study, the performance of the regional EMS system was presented as the "better or worse than the median" rank across regions. However, other cutoff criteria might be considered such as Table 5 . Sensitivity of ranks due to different computation rules compared to EMSI111 Table 6 . Change in the 5th-95th percentile intervals after excluding any one method from the Emergency Medical Services Index construction methodology
Excluded method Change in the 5th-95th percentile intervals by region Total change in the 5th-
AUC, area under the receiver operating characteristic curve.
grouping by regions of which the uncertainty intervals overlap with each other. [16, 17] . As above, these results suggest that discrimination performance and construct validity of the EMSI were reasonable.
Total shift in the quartile membership was less than 60% with the exception of EMSI34k. The stability of EMSI rankings was better than some other composite measures developed for evaluating the quality of life in Italy [19] , but the variations in the EMSI rankings were considerable. When excluding the ranked values, expert weights, or geometric aggregation, the total change in the 5th to 95th percentile intervals decreased, although rank variation decreased only slightly with regard to expert weights and geometric aggregation. However, excluding the latter two methods from the construction methodology for the EMSI might not be appropriate because expert weights typically reflect the directions of EMS policies and improve the legitimacy of the overall performance evaluation. Moreover, geometric aggregation can be a solution for full compensability of additive aggregation: "poor performance in some indicators can be compensated by sufficiently high values of other indicators" [8, 9] . Among the normalization methods, normalization by ranking had the greatest effect on reducing the rank variations and exhibited the lowest construct validity.
Ranking was not affected by outliers, but lost information on absolute levels such that no conclusion could be drawn about differences in performance [8, 9] . Accordingly, using ranked values in constructing the EMSI may not be appropriate. The 5th to 95th
percentile intervals of the EMSI ranks was most increased when re-scaling, equal weights, and linear aggregation methods were excluded. This yielding method could be used a representative technique for constructing EMSI because it can minimize the uncertainty of regional EMSI ranks through constructing EMSI using various methods. However, it could not be the absolute golden standard for constructing EMSI. Therefore, it will be an ideal process that all stakeholders participate in the process of constructing EMSI and make consensus regarding yielding method.
Using the results of discrimination performance, the quality Eun SJ, et al.
• Evaluating the Performance of the Emergency Medical Services Index www.kshpa.org 185 differences in the regional EMS systems are summarized in Table   7 . The overall high performer group of regions A, B, C, and F showed by and large, better performance at the pre-hospital and hospital stages than either the middle or low performer group. This overall performance result was similar to the performance result for the appropriateness and timeliness area, probably because this area was regarded as more important than other areas to EMSI developers, with more indicators consequently being included. EMSI developed by MOHW equally weighted each individual indicator and weighted differently among evaluation fields:
appropriateness and timeliness area (40%); safety and prevention area (10%); patient-centeredness area (10%); efficiency (10%); equity area (10%); and planning and integration area (20%) [7] . That is, the field of appropriateness and timeliness is being considered as more important policy priority in EMS.
The performance at the planning and integration area, however, was not consistent with the overall performance because of little variation in performance for this area. Yet, the absolute values of indicators in this area were very poor except for completeness of the National Emergency Department Information System's data.
This suggests that the absolute values of indicators should be considered in addition to the relative differences among the regions when evaluating the performance of regional EMS systems.
The EMSI has an inherent limitation, namely, a lack of data for measuring the quality indicators of the EMSI. The lack of relevant data is the greatest problem when constructing a composite indicator [20] and the major barrier to quality improvement of the EMS system [2, 21, 22] . Here, for developing the EMSI, nine different indicators (e.g., preventable trauma death rate) were not in- and (B) ( Table 8 ).
